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@ Semiconductor laser device. 

® A wavelength-tunable semiconductor laser de- 
vice presenting a large wavelength-tunable range or 
a very-high-speed modulating semiconductor laser 
device having a distributed feedback structure in- 
cluding a diffraction grating (112) as In the case of a 
DBR laser or a DFB laser incorporates therein a 

3 plurality of active layers (141, 105) differing from one 
another in constituent elements or composition ratio 
-,^^or thickness for reducing spectral line widths, while 
^i^pi'ovi^Q single-mode spectral oscillation character- 
CD istics. ' 
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BACKGROUND OF THE INVENTION 



Reld of the Invention 

The present invention generally relates to a 
semiconductor device. More particularly, the 
fjresent invention is concerned with a senniconduc- 
tor device which can be advantageously and profit- 
ably applied to a single-mode oscillation semicon- 
ductor device typified by a wavelength-tunable 
semiconductor laser device for a coherent optical 
communication, a semiconductor laser device for a 
high-speed communication and others. 



Description of the Related Art 

For an optical communication system of a 
large capacity, there is required indispensably the 
use of a wavelength-tunable semiconductor laser 
device and a modulating semiconductor laser de- 
vice. For having a better understanding of the 
present Invention, description will first be made in 
some detail of the technology known heretofore in 
conjunction with these laser devices. 

Rrst, the wavelength-tunable semiconductor la- 
ser is considered. As one of the large-capacity 
communication systems, there can be mentioned a 
coherent optical communication system in which 
an interference receiver is employed not only for 
making it possible to increase the reception sen- 
sitivity but also for allowing only these light signals 
of different wavelengths to be selevtlvely extracted 
by varying the wavelength of the interference light 
for reception. In other words, with the coherent 
optical communication system, there can be re- 
alized a wavelength-multiplexed communication in 
which channel selection can be effected with the 
aid of the light wavelength by employing a laser 
light source having a changeable oscillation 
wavelength in the receiver. Intrinsically, the optical 
communication has a significantly increased trans- 
mission capacity because of the capability of high- 
speed modulation as compared with the electronic 
signal transmissions utilized heretofore. Further, in 
the case of the wavelength-multiplexed commu- 
nication, it is possible to Increase, surprisingly the 
transmission capacity because a great number of 
light signals of different wavelengths can be trans- 
mitted through the medium of only one optical 
fiber. For these reasons, the coherent wavelength- 
multiplexed optical communication is how attracting 
increasingly public attention as one of the commu- 
nication techniques for supporting the age of large- 
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capacity communication anticipated in the not too 
distant future. 

In order to realize the wavelength-multiplexed 
optical communication, there is required on the 

5 receiver side a semiconductor laser having as 
broad a wavelength-tunable range or width as pos- 
sible and capable of a single wavelength oscillation 
(single-mode oscillation). 

As the wavelepgth-tunable semiconductor laser 

10 reported in the past, there can be mentioned a 
laser described in "Electronics Letters", Vol, 23, 
No. 8. (1987). pp. 403-405. the structure of which is 
shown in Fig. 8 of the accompanying drawings. 
This semiconductor laser is referred to as the DBR 

T5 laser (an abbreviation of distributed Bragg reflec- 
tion laser) and composed of three regions provided 
on a substrate 806. i.e. a distributed Bragg reflec- 
tion region (DBR region) 801, a phase control re- 
gion 802 and an optical amplification region 803, 

20 wherein a p-type electrodes 821. 822 and 823 are. 
provided independently on the above-mentioned 
regions, respectively, with a common n-type elec- 
trode 824 being provided on the lower surface of 
the substrate 806. An active layer 815 is formed 

25 solely in the optical amplification region. 803, 
whereby light is amplified in the optical amplifica- 
tion region by carriers injected through the elec- 
trode 823. The two other regions include no active 
layer and are constituted with a passive optical 

30 waveguide 813 whose refractive index is forced to 
vary by the carriers injected through the electrodes 
821 and 822. 

As is known in the art, the oscillation 
wavelength of the DBR laser is determined by the 

35 Bragg reflection wavelength which in turn Is deter- 
mined on one hand by a product (optical pitch) of 
the effective refractive index experienced by the 
light transferred through the optical waveguide 
within the DBR region 801 and the pitch of a 

40 diffraction grating 812 Implemented in the Bragg 
reflection region 801 and on the other hand by a 
resonance wavelength satisfying the phase con- 
dition of light traveling through the optical 
waveguide 813 reciprocativeiy between an edge 

45 820 located on the side of the optical amplifier 
region and the DBR region. Consequently, in order 
to vary the laser oscillation wavelength continu- 
ously, it is necessary to vary simultaneously both 
the Bragg reflection wavelength and the resonance 

50 wavelength while maintaining both of these 
wavelengths so as to coincide with each other. 
According to the above-mentioned prior art technol- 
ogy, a continuous wavelength-tunable width or 
range Is realized for a single wavelength (in a 
single-oscillation mode) by controlling both tiie 
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bragg reflection wavelength and the resonance 
wavelength. 

In this conjunction, another exannple of the 
DBR laser is reported in "Applied Physics Letter", 
Vol. 52. No. 16. (1988), pp. 1285-1287. in the case 
of this known wavelength-tunable semiconductor 
laser, the DBR region Is formed of an optically 
active material similarly to the optical amplification 
region, wherein independent electrodes are pro- 
, vided separately for the purpose of allowing the 
oscillation wavelength to change under the influ- 
ence of the change in the density of injected car- 
- riers. as in the case of the preceding example. 
However, the DBR laser now under consideration 
differs from that disclosed in the first mentioned 
literature in that a greater change of the refractive 
index ascribable to an absorption edge shift effect 
which accompanies the carrier injection is made 
available by using the optically active material for 
the DBR region. By virtue of this structure, a value 
as large as 11-6 nm is realized for the wavelength- 
tunable width. (It is however noted that the tunable 
width or range realized in this prior art DBR laser is 
not for the continuous change of waelength but for 
discrete change thereof.) 

The structure of the second mentioned DBR 
laser however suffers from the problems in that 
absorption loss brought about by the free carriers 
is increased as the amount of carrier injected in- 
creases, because a passive material is used for the 
DBR region and the phase control region, whereby 
the value or level of threshold current for oscillation 
of the optical amplification region is increased, 
which results in lowering of the laser output power 
and increasing in the spectral, line width. In this 
conjunction, it js to be noted that the coherent 
optical communication requires a narrow spectral 
line width of the laser light. Accordingly, the phe- 
nomenon that the increase of the spectral line 
width is brought about by changing the wavelength 
can never be tolerated. 

A semiconductor laser device developed in an 
effort to solve the technical problem of the increas- 
ing of the spectral line width is disclosed, for exam- 
ple, in JP-A-64-49293 (Japanese Patent Application. 
Laid-open No. 49293/1989). In this known semi- 
conductor laser, an optically active layer exhibiting 
a* gain is provided in the DBR region. With this 
known semiconductor laser structure, It is certainly 
possible to compensate for the absorption loss 
occurring upon cun-ent injection into the phase 
control region by the gain of the active layer pro- 
vided In the DBR region, whereby the spectal line 
width can be suppressed from Increasing. Further, 
such a structure is also known in which the phase 
control region and the optical amplification region 
are finely divided and an-anged alternately with 
each other for thereby protecting the laser char- 



acteristics against degradation due to the absorp- 
tion loss mentioned above. In this conjunction, ref- 
erence may also have to be made to JP-A-64- 
14988. 

5 Now, description will be turned to the semicon- 

ductor laser for modulation. 

In the optical communication system, it is one 
of the requisite performances imposed on the sys- 
tem how densely the signal can be transmitted and 

10 received. To this end, high-speed response capa- 
bility must be ensured in both the light signal 
transmitter and receiver devices. In general, modu- 
lation of the semiconductor laser light with a high- 
speed current pulse signal is ordinarily attended 

75 with fluctuation in the wavelength due to change in 
the refractive index Internally of the laser. This 
phenomenon is known as the soicalled wavelength 
chirping Causes for such wavelength chirping will 
be explained below, 

20 The density of carriers Injected in the active 

region of the semiconductor laser by current pulses 
of a modulation signal is forced to change in accor- 
dance with the modulating signal. In this conjunc- 
tion, it is noted that a phase delay occurs in the 

25 laser output light pulse relative .to the change in the 
carrier density. As the consequence./ the carrier 
density becomes dominant such that the carriers 
extet in excess when compared with the stable 
state. 

30 Upon oscillation of the laser light, the carrier 

density tends to decrease toward the stable state 
as a result of the stimulated emission. This means 
that during the oscillation of the laser light, the 
carrier density continues to change. Since the re- 
35 tractive index of the active layer has a dependency 
on the carrier density, the change thereof brings 
about corresponding fluctuation in the laser oscilla- 
tion wavelength. This Is a cause of the wavelength 
chirping phenomenon. Since the optical fiber em- 
40 ployed for the optical communication or the like 
application exhibits a wavelength-dependent dis- 
persion of the refractive index (wavelength disper- 
sion), occurrence of the wavelength chirping gives 
rise to distortion in the pulse waveform. This pro- 
45 vides a major factor for limiting the distance of 
transmission in the high-speed transmission. 

With a view to reducing or suppressing the 
wavelength chirping taking place upon high-speed 
modulation of the semiconductor laser, there has 
60 already been reported a method of applying elec- 
tric cun-ents to a plurality of electrodes disposed in 
cascade along the direction of the resonator. In this 
conjunction, reference may have to be made to 
"IEEE Journal of Ughtwave Technology". LT-5. No. 
55 4. (1987). pp. 516-522. More specifically, according 
to this known method, a plurality of electrodes are 
provided for the active regions having a same 
composition (same bandgap). wherein the mutually 
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different electric currents are so applied to tiie 
plural electrodes that the wavelength chirping can 
be reduced. 



SUMMARY OF THE INVENTION 

The wavelength-tunable laser implemented In 
such structure for suppressing the spectral line 
width from Increasing, as described above, suffers 
from a problem that It exhibits a high gain for the 
injected carriers, because one afTd the same active 
layer is employed for both the optical amplification 
region and the DBR region. In other words, upon 
Injection of the carriers in the DBR region for 
changing the wavelength, self-oscillation takes 
place only in this DBR region to disadvantage. 

This problem will be discussed below In more 
detail by reference to the accompanying drawings. 
In case an active material is used for the diffraction 
grating region, the gain in this region becomes high 
and self-oscillatlon takes place at a gain coefficient 
which exceeds about 40 cm~\ whereby limitation 
is imposed to the change in the wavelength. Now. 
reference is made to Rgs. 15 and 16, wherein Rg. 
15 is a view for graphically, illustrating changes in 
the refractive index of the optical waveguide and 
the gain brought about by the Injection of carriers 
in the passive optical waveguide. As the injection 
current [ increases, the refractive index is de- 
creased approximately in proportion to P'^, which is 
also accompanied with increasing in the absorption, 
resulting in that the absorption losis is increased 
excessively to such an extent that the spontaneous 
emission ceases. Fig. 16 of the accompanying 
drawings is a view for illustrating the change in the 
refractive index in the case where an optical 
waveguide having a gain of a conventional semi- 
conductor laser Is employed in the diffraction grat- 
ing region as an active optical waveguide. For the 
-carrier injection,- there can be realized a- greater - 
rate of change of the refractive index as compared 
with that of the passive optical waveguide due to 
the band filling effect. However, the refractive index 
ceases to change at an increased value of gain at 
which self-osci!Iatlon takes pafce. 

Once the self-oscillation has taken place, the 
carrier density in the relevant region is fixed, result- 
ing in that the range within which the wavelength 
can be tuned is limited, presenting a problehr> re- 
maining to be solved that a desired wavelength- 
tunable width becomes unavailable. 

Further, it is noted in conjunction with the DBR 
laser that the necessity for the gain of the DBR 
region is only for the purpose of compensating for 
the absoption loss occurring in the phase control 
region. In other words. It is necessary to impart a 
sufficiently high gain to the DBR region for com- 



pensating for the absorption loss brought about by 
the current flowing through the phase control re- 
gion. Accordingly, for a large magnitude of the 
absorption loss, the DBR region starts to oscillate 
5 due to its own gain as a result of effort to com- 
pensate for the absorption loss, thus giving rise to 
a basic problem to be solved. It should be added 
that the measures of dividing finely the phase 
control region and the optical amplification region 
10 are not in the position to eliminate drastically or 
effectively the absorption taking place in the phase 
control region. 

On the other hand, in the case of the modulat- 
ing laser in which the measures for suppressing 
15 the wavelength chirping is adopted, as described 
hereinbefore, there is a problem that the range for 
the bias condition and selection of the light output 
becomes necessarily limited, which is additionally 
attended with a problem that the high-speed char- 
so acteristics are also limited. 

It Is therefore an object of the present Invention 
to solve the technical problems of the prior art 
semiconductor laser described above and provide 
a semiconductor laser device which is capable of 
25 oscillating stably at a desired wavelength. 

Another object of the present invention is to 
provide a semiconductor laser device capable of 
exhibiting an increased refractive index change 
width (or range) without being subjected to limita- 
30 tion imposed by the absorption and the gain such 
as described above. 

A still further object of the invention is to pro- 
vide a semiconductor laser device in which an 
increased wavelength-tunable width can be realized 
35 and fluctuation in the oscillation output at a se- 
lected wavelength can be reduced by suppressmg 
the gain coefficient from increasing due to carrier 
Injection to a given one of a plurality of active 
layers. 

40 In view of the above and other objects which 

wil!"become"more~ apparehr"as description' pro-" 
ceeds, there is provided according to an aspect of 
the invention a semiconductor laser device which 
comprises a plurality of semiconductor regions 

45 comprising active layers optically coupled to one 
another and susceptible to undergo chang s of 
gain upon injection of carriers, the plurality of semi- 
conductor regions including an amplification region 
comprising an optical amplification active layer for 

50 emitting light In response to the injection of the 
carriers, a gain active layer for guiding the light 
emitted by the optical amplification active layer, 
and a DBR region having a distribution feedback 
structure for feeding back the light being guided, 

55 means for injecting the can^iers into the plurality of 
semiconductor regions, and a resonator structure 
for amplifying the light of a specific wavelength of 
those emitted by the optical amplification active 
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region by selective feedback through the feedback 
structure, wherein differential gain coefffcient to the 
injected carrier density of the gain active layer is 
made different from the differential gain coefficient 
to the injected carrier density in the optical am- 
plification active layer. 

With the phrase "active layer" used herein, it is 
intended to mean a layer exhibiting a gain greater 
than unity "1" (one), which in turn means that the 
layer is active to the light of a certain wavelength 
and thus exhibits an amplification function. Re- 
versely, when a gain of a layer is not grater than 
"1", this means that the layer Is passive, and more 
specifically means that the intensity of light is con- 
stant without being caused to vary or that loss of 
light Intensity is brought about by absorption. The 
semiconductor laser device according to the inven- 
tion includes a number of the active layers in the 
sense mentioned above. 

It is one of the features characterizing the 
present invention that the differential gain coeffi- 
cient to a density of carriers injected is made 
different from one to another active layer. With the 
phrase "differential gain coefficient", it is intended 
to represent the magnitude of change in the gain to 
the magnitude of change in the density of carriers 
injected. By virtue of the different differential gain 
coefficients imparted to the active layers, respec- 
tively, it is psosible to inhibit self-oscijiation from 
occurring at least in one of the active layers. Dif- 
ference in the differential gain coefficient between 
or among the active layers can be realized by 
using different semiconductor materials for forming 
the optically active layers or by varying composi- 
tion of the compound semiconductors constituting 
the active layers or by varying the thickness of the 
active layers as typified by a quantum well struc- 
ture. The difference in the differential gain coeffi- 
cient results in difference in energy between elec- 
tron and hole which are combined to emit light, i.e. 
a" bandgap "or difference 7n the~eriergy" state~be^~ 
tween the electrons and the hoies within the active 
Iay6r forming the quantum well structure. In the 
active layer of a small differential coefficient the 
self-oscillation is suppressed. A region in which 
such an active layer is formed is used to serve as 
the DBR region. 

In the semiconductor-laser device according to 
the present invention, the plurality of active layers, 
i.e. the optical amplification layer and the gain 
active layer are optically coupled directly or in- 
directly through the medium of other interposed 
(active or passive [having a gain not greater than 
unity]) waveguide layer. Light emitted by the op- 
tical amplification layer travels through the gain 
active layer to enter a resonator constituted through 
cooperation of the optical amplification layer and 
the gain active layer to be amplified within the 



resonator. The oscillation wavelength selected and 
amplified by the resonator is variable by varying 
the effective resonator length. In view of the fact 
that the effective resonator length, i.e. optical path 

5 length has to be so established that the distance 
between edges of the resonator or distance be- 
tween the edge and a distributed feedback struc- 
ture described hereinafter satisfies the phase con- 
dition of light being transferred (traveling re- 

10 ciprocatlvely) within the resonator, it is preferred to 
make variable the refractive index of the guide 
layer mentioned above. The region to serve for 
such phase contpol or adjustment is provided with 
an electrode so that carriers can be injected Into 

75 this region independently. It Is not necessarily re- 
quired to provide such phase control region be- 
tween the optical amplification active layer and the 
gain active layer. It is sufficient to implement the 
phase control function in a region in which light 

20 travels within the resonator structure described 
above. 

The semiconductor laser oscillation wavelength 
can be set or established by varying the refractive 
index internally of the resonator at a local region 

25 which may be realized in a distributed- feedback 
structure implemented In a region where light Is 
distributed. The distributed feedback structure is 
generally constituted by a first semiconductor hav- 
ing a diffraction grating formed therein and a sec- 

30 ond semiconductor having a refractive index differ- 
ing from that of the first semiconductor and 
stacked thereon so as to realize a periodic distribu- 
tion of the refractive index. 

According to another aspect of the invention, 

35 there is provided a semicondcutor laser device 
which comprises a plurality of active layers exhibit- 
ing different gain peak wavelengths, and a resona- 
tor structure for amplifying and oscillating light hav- 
ing a specific wavelength differing from the gain 

40 peak wavelengths_by^selectively feedl^^ back the 
light of the specific wavelength. Thus, one of the 
featues characterizing the invention is seen in that 
the oscillation wavelength is set with a deviation 
from the wavelength at which the gain of the active 

45 layer is maximum (tiiis wavelength is also referred 
to as the gain peak wavelength). 

According to a still further aspect of the inven- 
tion, there is provided a semiconductor laser de- 
vice which comprises a plurality of active regions 

50 including a plurality of active layers coupled opti- 
cally and having gains susceptible to change upon 
Injection of carriers, means for Injecting the carriers 
into the plurality of the active regions, and a reso- 
nator structure for amplifying and oscillating light of 

55 a specific wavelength of tiiose emitted by the ac- 
tive layers by selectively feeding back the light of 
the specific wavelengtii, wherein the plurality of the 
active layers compensate mutually for variations in 
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the refractive Index induced by the change of the 
carrier density. 

For realizing the mutual compensation, the plu- 
rality of the active layers are imparted with different 
gain peak wavelengths. By setting the oscillation 
wavelength between these peak gain wavelengths, 
the change of refractive index brought about by the 
change in the carrier density can be cancelled out 
through cooperation of the plural active layers, 
whereby the wavelength chirping can be reduced. 

In any of the structures described above, at 
least one of the plural active layers should be 
disposed In the vicinity of the diffraction grating 
(distributed feedback structure) for thereby prevent- 
ing loss from occurring in the grating portion. In 
this conjunction, with the phrase "disposition in the 
vicinity of", it Is to be undersftood that the active 
layer of concern and the diffraction grating are 
disposed in parallel and in overlapping with each 
other. 

Further, according to still another aspect of the 
Invention, there is provided a semiconductor laser 
device in which a material capable of exhibiting the 
gain peak wavelength shorter than the oscillation 
wavelength Is used for forming the OBR region with 
a view to suppressing the gain of the DBR region 
from being increased by the carrier injection. 

One advantage of the present Invention is seen 
in that notwithstanding of the use of an active 
material for forming the DBR region, there can be 
realized sufficient magnitude of change of the re- 
fractive index for protecting the wavelength-tunable 
width or range against being narrowed by the self- 
oscillatlon. while preventing oscillation threshold In 
the optical amplification region from being In- 
creased. 

Another advantage of the present Invention is 
seen in that an active layer structure can be adopt- 
ed in the phase control region for the purpose of 
suppressing the absorption loss which may occur 
when the passive optical waveguide Is employed in 
the phase control region while preventing the os- 
cillation threshold cunrent from being increased. In 
this manner, loss can .be prevented from being 
increased by the injection of current into the phase 
control region, and thus the change in the refractive 
index brought about by the current injection In the 
phase control region can . effectively made the most 
of, whereby there can be provided a semiconductor 
laser device enjoying a broad wavelength-tunable 
width (range) without suffering any significant fluc- 
tuation in the spectral line width and the light 
output. 

Another advantage of the present invention is 
seen In that the wavelength chirping taking place 
upon direct modulation of the semiconductor laser 
can be reduced, whereby optical communication 
can be realized at a high spe^d over an extended 



distance even when an optical fiber exhibiting not a 
less wavelength dispersion is employed. 

Another advantage of the present invention is 
seen In that a significant change in the refractive 

5 index can be realized with a small change of the 
gain (or gain absorption). 

Another advantage of the present invention is 
seen in that the phase and optical path length can 
be changed without being accompanied with vari- 

70 ation of the light output power, whereby miniatur- 
ization of the optical device and remarkable im- 
provement in the characteristics of the phase con- 
trol region can be attained. 

Still another advantage of the invention is seen 

75 in that there can be realized a signal-mode semi- 
conductor laser which has a broad wavelength- 
tunable width (range) and oscillation output less 
susceptible to variation due to change of the os- 
cillation wavelength. 

20 Another advantage of the present invention is 

seen in that the multiplexed number and hence the 
transmission capacity can be significantly in- 
creased by using the semiconductor laser device 
according to the Invention as a light source for a 

25 wavelength-multiplexed coherent communication. 

Still further advantages of the present invention 
will be apparent to those of ordinary skill in the art 
upon reading and understanding the following de- 
tailed description of the preferred embodiments. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention may be implemented by various 
35 parts and arrangements or combinations of parts. 
The drawings are only for the purpose of Illustrat- 
ing the preferred embodiments of the invention and 
are not to be construed as limiting the invention. In 
the drawings; 

40 Rg. 1 is a vertical sectional view of a semi- 

conductor laser device according to an exemplary 
embodiment of the present invention; 

Rgs. 2A and 2B are views for illustrating 
changes of gain and refractive index relative to the 
45 carrier density in an active optical waveguide; 

Rg. 3 is a vertical sectional view showing a 
structure of a wavelength-tunable semiconductor 
laser device to which the present invention is ap- 
plied; 

50 Rg. 4 is a vertical sectional view of a semi- 

conductor laser device implemented in another 
structure; 

Rgs. 5A to 5F are vertical sectional views for 
illustrating a manufacturing process of semiconduc- 
65 tor laser device according to the present invention; 

Rgs. 6 and 7 are sectional views showing 
semiconductor laser devices according to other 
embodiments of the Invention, respectively; 
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Figs. 9. 10. 11, 12 and 13 are sectional 
views showing senr>iconductor laser devices ac- 
cording to further embodiments of the invention, 
respectively; 

Rgs. 14A and 14B show in a sectional view 
a semiconductor laser device according to still an- 
other embodiment of the present invention and 
show in an enlarged sectional view an active layer 
structure of the same, respectively; 

Rg. 15 is a view for illustrating changes of 
the gain and the refractive index brought about by 
injection of a current in a passive optical 
waveguide; 

Rg. 16 is a conceptual view for illustrating 
changes of the gain and the refractive index In 
case a hitherto known optical waveguide exhibiting 
a high gain is employed in a diffraction grating 
region; 

Rgs. 17A and 17B are views for illustrating 
optical waveguides In a semiconductor laser device 
according to an exemplary embodiment of the in- 
vention and show a basic structure and energy 
band at the time of the carrier Injection, respec- 
tively; 

Rg. 18 is a view for illustrating changes of 
. the gain and the refractive index in an optical 
-waveguide of semiconductor laser device accord- 
ing to a further embodiment of the present inven- 
tion; and 

Rgs. 19A to 19F are views for illustrating a 
process for manufacturing a semiconductor laser 
device according to yet another embodiment of the 
present invention. 

DESCRIPTION OF THE 'PREFERRED EMBODI- 
MENTS 

Rrst, one of the principles underlying the 
present invention will be described by reference to 
the accompanying drawings and more particularly 
to Rg. 1 which shows a structure of a wavelength- 
tunable laser to which the Invention is applied, 
together with Figs. 2A and 28 which are views for 
graphically illustrating changes of gain and refrac- 
tive index, respectively, of an active region 'con- 
stituting the part of the wavelength-tunable laser 
shown in Fig. 1. ^. 

The semiconductor laser device shown in Rg. 
1 comprises a distributed Bragg (DBR) region 101 
including an active optical waveguide 141 having a 
first active layer which is so formed on a substrate 
106 as to be in contact with a diffraction grating 
112, a phase control region 102 including an op- 
tical waveguide 181 formed of a passive material 
and having a refractive Index which decreases as 
the density of injected carriers is increased, and an 
optical amplification region 103 including an active 



optical waveguide 1 05 having a second active layer 
structure, wherein each of the three regions 101, 
102 and 103 mentioned above is realized, for ex- 
ample, by a p-i-n junction, being sandwiched be- 

5 tween the n-type substrate 106 and a p-type clad- 
ding layer 107. The semiconductor laser further 
comprises independent electrodes 121, 122 and 
123 formed on the cladding layer 107 and a com- 
mon electrode 124 of the polarity opposite to that 

10 of the mdependent electrodes. 

In the semiconductor laser, a resonator is 
formed by reflection from the diffraction grating In 
the DBR regional 01 and reflection from an edge 
120 of the optical amplification region 103. wherein 

75 laser oscillation takes place upon injection of a 
current into the optical amplification region 101 
through the electrode 123 with a large gain. The 
oscillation wavelength ts determined by a 
wavelength within a Bragg reflection wavelength 

20 range of the DBR region 101 and a wavelength 
whose phase satisfies the condition of an integral 
multiple of Ztt upon traveling one round within the 
resonator. 

Reviewing again the semiconductor laser de- 

25 vice disclosed In JP-A-64-49293 cited hereinbefore 
by reference to fig. 1 , the active optical waveguide 
105 of the optical amplification region 103 exhibit- 
ing a large gain for the injected current has been 
used as the active waveguide 141 of the DBR 

30 region 101. In conjunction with this prior art struc- 
ture, there are illustrated In Rgs. 2A and 2B rela- 
tions between the carrier density aod the gain and 
the change of the refractive index. The wavelength 
Xpi for the gain peak of tiie active material is so 

35 selected as to coincide approximately with the la- 
ser oscillation wavlength Xl. As a consequence; the 
gain for the carrier injection at the laser oscillation 
wavelength Xu increases rapidly. Thus, a self-os- 
cillation takes place In the DBR region 1. In other 

40 words, the semiconductor laser operates like a 
distributed feedback (DFB) type laser. As a result, 
the carrier density is fixed at a point P shown In 
Prg. 2A, whereby the change of the refractive index 
undergoes limitation (see the curve \p^), 

45 In contrast, when the active layer whrch differs 

from the active waveguide 105 of the optical am- 
plification region 103 In respect to the change of 
gain (differential gain coefficient) for tiie injected 
carrier density Is used as the active optical 

50 waveguide 141 of the DBR region 101, the change 
of refractive index can avoid the limitation by the 
self-oscillation, and besides the loss produced in 
the passive phase control region can be com- 
pensated for. By virtue of these features, there is 

55 made available a wide wavelength- tunable width 
without increasing the threshold current for oscilla- 
tion of the optical amplification region. In imple- 
mentation of such structure, a material capable of 
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emitting the wavelength \pz at the gain peak which 
is shorter than the laser oscillation wavelength may 
be employed for the active waveguide 141, by way 
of example. Relations between the carrier density 
and the gain and the change of refractive index for 
the optical waveguide formed of the above-men- 
tioned rnaterial are also illustrated In Figs. 2A and 
2B. With the material emitting the shorter 
wavelength Xp2 at the gain peak, the wavelength' 
Xp2 does not coincide with the laser oscillation 
wavelength Xl, whereby there can be realized a 
gentle gain slope. Consequently, even when the 
carrier density (injection current) is increased, in- 
creasing of photon density accompanying the in- 
creasing in the carrier density can be suppressed 
and at the same time the decrease of the carrier 
density accompanying the simulated emission 
which depends on the photon density can be sup- 
pressed, to thereby allow the carrier density to be 
Increased. Thus, the gain at which the DBR region 
101 is capable of a self-oscillation can not be 
reached. Consequently, the carrier density bringing 
about the change of refractive index is not fixed but 
can be made use of effectively. Since the change 
of refractive index brought about by the change of 
carrier density is only gently as a function of the 
wavelength, the change of refractive index brought 
about by the change of the carrier density at the 
laser oscillation wavelength Xu of the material emit- 
ting the shorter wavelength Xp2 at the gain peak 
can assume the substantially same value as that of 
the first active layer, although lower than the latter 
more or less. Thus, it is possible to increase the 
wavelength-tunable width and • in particular the 
Bragg reflection wavelength-tunable width. 

As will be appreciated from the above descrip- 
tion, it is possible to obtain broader wavelength- 
tunable characteristics while suppressing the os- 
cillation threshold current from being increased in 
the optical amplification region 101 by making 
smaller the gain of the DBR region for a carrier 
density than that of the optical amplification region. 

For the phase control, a current is injected io 
the phase control region 102 to thereby match or 
align the phase with the axial-mode resonance con-, 
dition for the laser light between the Bragg reflec- 
tion region and the cleavage edge 120, whereby 
the oscillation wavelength can be continuously 
shifted over a wide wavelength range in the single- 
mode state. Further, since the change of gain as a 
function of the change in the injected carrier den- 
sity is flattened, there can be obtained an advanta- 
geous effect that the change in the emission power 
occurring upon shifting the oscillation wavelength 
can be noticeably suppressed. 

Further, by employing such a material for the 
active optical wavelength 105 constituting the op- 
tical amplification region 103 which can have a 



longer gain peak wavelength than the oscillation 
wavelength, the oscillation wavelength can be so 
detuned as to be shorter than the gain peak 
wavelength. By virtue of such detuning, the ratio 

5 t)etween the change of the refractive index which 
accompanies fluctuation of the carrier density and 
change of the gain, i.e. a so-called a-parameter can 
be reduced, as a result of which the spectral line 
width is diminished, to an advantageous effect. 

10 Now. another one of the principles underiying 

the present invention will be described by refer- 
ence to Rg. 3 in which same reference symbols 
are used for designating like constituents as those 
shown in Rg. 1, (being understood that the same 

75 applies true throughout several figures referred to 
in the description which follows). In the semicon- 
ductor laser structure shown in Fig. 3. the structure 
of the DBR region and the optical waveguide struc- 
ture of the phase control region shown in Fig. 1 are 

2Q mutually replaced such that a passive optical 
waveguide 382 having a refractive index which is 
decreased upon injection of carriers is used in the 
DBR regions with a second active optical 
waveguide 342 being used in the phase control 

25 region 102. With this structure, increasing of the 
absorption loss observed heretofore in the passive 
phase control region as a result of increasing in the 
carriers can positively be prevented. To this end. 
however, it is required to make greater the ratio 

30 between tfie change of refractive index of the 
phase control region 102 and the change of gain 
O.e. refractive index change/gain change ratio) than 
that of the optical amplification region 103. Be- 
sides, due to the combination with the passive DBR 

35 region, the loss taking place in the DBR region can 
be canceled out by a gain obtained in the phase 
control region 102, whereby the oscillation thresh- 
old of the optical amplification region 103 is pre- 
vented from increasing. 

40 Further, when an optical waveguide 433 having 

a rate of change of the refractive index substan- 
tially equal to that of the optica! waveguide 141 
shown in Rg. 1 Is employed for the phase control 
region 102 In addition to that for the DBR region 

45 101, the threshold current Is prevented from in- 
creasing, whereby the self-osciliation of the DBR 
region 101 can be eliminated as well. This char- 
acteristic can be realized by selecting the material 
433 such that the gain peak wavelength Xp2 be- 
so comes shorter. 

As described above, the active optical 
waveguide exhibiting the gain peak wavelength ly- 
ing on a short wavelength side relative to the laser 
oscillation wavlength is employed for the DBR re- 

55 gion and/or for the phase control region. This struc- 
ture can be realized by making the composition of 
the waveguide differ from that of the amplification 
region. As the alternative, the thickness of the 
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active waveguide may be made smaller than that of 
the amplification region. In the latter case, the gain 
peak wavelength is shifted toward the shorter 
wavelength side, as the carrier density is in- 
creased, whereby the peak wavelength can be 
made shorter than the laser oscillation wavelength. 
Besides, by Implementing the active optical 
waveguide in a multi-layer structure including an 
optical guide layer and an active layer having a 
thickness smaller than that of the former, a part of 
the Injected carriers leaks into the optical guide 
layer, as a result of which the self-oscillation of the 
DBR region is suppressed while allowing the re- 
fractive index to change noticeably. 

Thus, according to the teaching of the inven- 
tion described above, the self-oscillation of the 
distributed ,Bragg reflection (DBR) region can be 
suppressed regardless of the current injection into 
the active layer either by realizing the DBR re- 
gionih the structure differing from that of the optical 
amplification region and employing for the DBR 
region the active layer which can assure a signifi- 
cant change in the refractive index substantially to 
the same extent as the active layer exhibiting the 
gain peak close to the oscillation wavelength not- 
withstanding of a small gain or alternatively by 
employing for the phase control region the active 
layer structure which exhibits a smaller gain for the 
injected current than the optical amplification re- 
gion and which can ensure more significant change 
In the refractive index. 

The other principle of the invention will be 
described by reference to Rg. 11. In order to 
reduce the chirping in wavelength, it is required 
that a plurality of regions provided In the semicon- 
ductor laser resonator (cavity) cooeprate mutually 
to compensate for fluctuation of chirping in the 
wavelength. Rg. 11 shows an example of the struc- 
ture which can satisfy the above requirement. Re- 
ferring to the figure, there are provided in the 
vicinity of a diffraction grating 1112 (on an optical 
guide layer 1113) active layers 1104 and 1105 
having mutuafiy different compositions so that the 
regions 1104 'and 1105 differ from each other in 
respect to the gain peak wavelength. A pair of 
discrete electrodes 1108 and 1109 are provided on 
a cap layer 1118 for injecting carriers into the 
regions 1104 and 11 05 v separately. The different 
gain peak wavelengths result in difference in the 
carrier density dependence of the gain (differential 
gain) at the laser oscillation wavelength. Upon oc- 
currence of the laser oscillation in this semiconduc- 
tor laser device in response to application of cur- 
rent pulse, the carrier density changes at different 
rates in the individual regions. Thus, although the 
carrier density is certainly decreased by the stimu- 
lated emission brought about by the laser oscilla- 
tion, the laser light intensity is prevented from 



increasing excessively owing to a remarkable 
change of the gain In the region having a large 
differential gain, while the laser light intensity is 
protected against excessive attenuation due to a 

5 gentle change of the gain in the region having a 
small differential gain. In this manner, the rate of 
transient change in the carrier density can be made 
low. Although the refractive index depends on the 
carrier density, it is an average refractive index of 

70 the whole device that determines the laser oscilla- 
tion wavelength. Thus, according to the principle 
described above, the magnitude of fluctuation in 
the oscillation vfravelength, I.e. the wavelength 
chirping can be diminished with the laser structure 

75 shown in Rg. 1 1 by virtue of smaller change in the 
carrier density on an average. 

In order to set the gain peak wavelengths such 
that they assume spatially different values, there 
may be conceived several methods, some of which 

20 will be mentioned below. Rrst, by varying the com- 
position of the active layers in dependence on the 
positions thereof within the resonator or by varying 
the thickness from one to another active layers, the 
gain peak wavelengths are changed by taking ad- 

25 vantage of the band filling effect of the carriers. 
Further, the regions differing from one another *'in 
the gain peak wavelength may be disposed in 
cascade in the direction of the optical axis or in 
parallel so far as they are located within the range 

30 of light intensity profile. The laser oscillation 
wavelength should preferably be set intermediate 
between the different gain peak wavelengths, be- 
cause then the difference In the differential gain 
can be made use of very effectively. 

35 As will be appreciated from the foregoing de- 

scription, the regions mutually differing tn th^ gain 
peak wavelength in the semiconductor laser device 
also differ from one another in the differential gain 
for the laser oscillation wavelength. By virtue of this 

40 difference in the differential gain, variation in the 
refractive Index Is suppressed. 

On the principle, each of the regions may 
assume the gain state or loss state at the laser 
oscillation wavelength. However, excessively high 

45 loss In the loss state Involves increasing in the 
threshold cun-ent as well as degradation in the 
high-speed characteristics. Accordingly, the region 
should preferably be set to the state at least close 
to the gain state. 

50 In order to make the most of difference in the 

differential gain, the period of the diffraction grating 
should desirably be so dimensioned that the 
wavelength determined thereby lies intermediate 
.between the gain peak wavelengths of the individ- 

55 ual regions. 

.In connection with magnitude of difference in 
the gain peak wavelength, it should be mentioned 
that too small difference can not bring about the 
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aimed effect while excessively large difference in- 
volves a noticeable loss in one of the regions at the 
laser oscillation wavelength, involving an Increase 
in the threshold current. Under the circumstances, 
the wavelength difference mentioned above should s 
preferably be selected in a range of 5 nm to 100 
nm and more preferably in a range of 10 nm to 50 
nm. 

It Is thus apparent that the chirping in the 
wavelength can be reduced by providing within the io 
resonator a plurality of regions differing from one 
another in respect to the gain peak wavelength or 
the gain slope for the injected carrier density. 

Now. the present invention will be described in 
greater detail in conjunction with preferred or ex- 15 
emplary embodiments thereof. 



Embodiment 1 

20 

Fig. 5F shows a structure of a semiconductor 
laser device according to a first exemplary embodi- 
ment of the invention in a sectional view taken 
along the olptical axis. A process for manufacturing 
this semiconductor laser device will be described 25 
below by reference to Figs. 5A to 5F. At first, a 
diffraction grating 512 (having a pitch of 240 nm) Is 
formed partially or locally on an n-type InP-sub- 
istrate 506, whereon there are formed sequentially 
through crystal growth process an n-type InGaAsP- 30 
guide layer 513 (exhibiting a gain peai< wavelength 
Xp of 1.3 ixm). an n-type InP-stopping layer 514, an 
i-type InGaAsP-active layer 519 exhibiting a gain 
peak wavelength Xp shorter than the oscillation 
wavelength (i.e. Xp in a range of 1.50 to 1.53 u.m), 35 
and an i-type InGaAsP-antimeltback layer 516 
(exhibiting a gain peak wavelength Xp of 1 .3 urn), 
as shown in Rg. 5A, wherein the values of the gain 
peak wavelengths Xp mentioned above are mea- 
sured in the vicinity of the oscillation threshold 4o 
currents in the respective materials. Next, a portion 
having the grating 512 is masked with a photoresist 
525. whereon the antimeltback layer 516. the active 
layer 519 and the stopping layer 514 in the other 
portion are selectively etched by etchants appro- 45 
priate to these layers, respectively, with the guide 
layer 513 being left as it Is (Fig. 5B). After remov- 
ing the^ photoresist layer 525, the InP-stopping lay- 
er 514', the InGaAsP-active layer 515 having the 
gain peak wavelength in the vicinity of the oscilla- so 
tlon wavelength (i.e. Xp = 1.55 um) and the 
InGaAsP-antimeltback layer 516' (Xp = 1.3 um) are 
sequentially grown through crystal growth process 
(Rg. 5C). Next, a portion destined to constitute an 
optical amplification region is protected by a 55 
photoresist 525'. whereon the antimeltback layer 
516 . the active layer 515 and the stopping layer 
514 in the other portion are selectively etched fc)y 



etchants appropriate to these layers, respectively 
(Fig. 5D). After removing the photoresist 525'. a p- 
type cladding layer 517, and a p*-type InGaAsP- 
cap layer 518 (Xp = 1.15 um) are sequentially 
grown (Fig. 5E), being then followed by formation 
of waveguide stripe, burying crystal growth and 
others. Finally, p-type discrete electrodes 521 , 522 
and 523 are formed on the surfaces of a DBR 
region 501, a phase control region 502 and an 
optical amplification region 503, respectively, while 
an n-type electrode is formed over the lower sur- 
face of the substrate 506, as shown in Fig. 5F. 

It should be mentioned that the semiconductor 
laser device of a structure similar to that described 
above may also be manufactured by using insula- 
tion films such as of Si02 or the like in the crystal 
growth process. More specifically, there are formed 
on the substrate 506 having the diffraction grating 
612 deposited thereon the guide layer 513. the 
stopping layer 514. the active layer 519 and the 
antimeltback layer 516 of the DBR region 501 
mentioned above through epitaxial growth process. 
Thereafter, the active DBR region 501 Is protected 
by a Si02-mask, whereon the phase control region 
502 and the optical amplification region 503 are 
selectively etched away until the InP-stopping layer 
514 is reached. Subsequently, the multi-layer film 
for the active optical waveguide in the optical am- 
plification region 503. i.e. the multi-layer film in- 
cluding the I-type InGaAsP-active layer 515 (Xp =. 
1.55 um) and the i-type InGaAsP-antimeltback lay- 
er 516' (Xp = 1.3 um) is formed through epitaxial 
growth. Since the active DBR region 1 is protected 
by the SiOa-mask at that time, only the phase 
control region 502 and the optica) amplification 
region 503 are allowed to selectively grow epitax-- 
iaily. subsequently, the active DBR region 501 and 
the optical amplification region 503 are protected 
by the SI02-mask to etch away selectively th 
phase control region 502 until the InP-stopping 
layer 514 is reached. After removing the Si02- 
mask, the p-type InP-layer 517 and the P*-type 
cap layer 518 are grown epitaxially, which is then 
followed by mesa-etching and burying epitaxial 
growth to thereby form a buried hetero-structure. 
Rnally. a p-type electrode layer is deposited by 
evaporation and then separated into the electrode 
521 for the active DBR region, the electrode 522 
for the phase control region and the electrode 523 
for the optical amplification region 523, Finally, the 
n-type electrode 524 is formed over the lower 
surface of the substrate. 

It should be mentioned that the first mentioned 
method is advantageous over the second men- 
tioned method in that the surface resulting from the 
crystal growth is more smooth because there is no 
need for covering the regions not to be grown by 
the insulation film In the epitaxial growth process. 
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Next, description is directed to operation of the 
semiconductor laser device according to tlie instant 
embodiment. 

The condition for the laser oscillation resides in 
that the gain internally of the laser is so balanced 
..that the Intensity of light made a round trip within 
the laser coincides with the original intensity and 
that the phase of light making the one round trip is 
given by an integral multiple of 2-^. In the case of 
the semiconductor laser device of the structure 
* described above, when the gain of light due to the- 
. current U Injected into the optical amplification re-' 
gion 503, the attenuation due to absorption by the 
free carriers ascribabie to the injected current Ip In 
the phase control region 502, the gain due to the 
injected current (b in the DBR region and the loss 
.in the quantity of light upon leaving the laser are 
balanced with an overall gain of unity (one), then 
oscillation takes place at a wavelength for which a 
sum of the phase of reflection in the active DBR 
region 501 as viewed from the phase control region 
502, the phase of propagation in the phase control 
region 502 and the optical amplification region 503 
and the phase of reflection at the edge 520 of the 
optical amplification region 502 Is given by an 
integral multiple of Z-n, When only the injection 
current to the active DBR region 501 is increased 
in the state in which the laser is oscillated by 
injecting a constant current to the optical amplifica- 
tion region 503, the* Bragg wavelength is shifted 
about -0.04 nm/mA to the shorter wavelength side. 
Further, when only the current injected to the 
phase control region 502 is increased, the Bragg 
wavelength is also shifted about -0.1 nm/mA to the 
shorter wavelength side. ' 

In this manner, when the current is injected into 
the phase control region 502 simultaneously with . 
the current injection into the active DBR region 501 
with a proper ratio to the injection current 1^ for the 
DBR region 501 (e.g. with a ratio of about 1/2 for 
the values mentioned above) while maintaining 
constant the injection current U to the dptical am- 
plification region 503, an optical path length control 
Is so performed as to satisfy the osclllafion phase 
condition for the shift of the Bragg wavelefigth. 

Thus, It is possible to shift continuously the 
oscillation wavelength through current injections to 
the active DBR regioovgOl and the phase control 
' region 502. Since the material employed for the 
active layer 519 constituting the active DBR region 
501 exhibits the gain peak wavelength shorter than 
the oscillation wavelength in the case of the semi- 
conductor laser according to the instant embodi- 
ment, increasing of the gain due to the current 
injection can be flattened, whereby a higher carrier 
density can be obtained with increase of the pho- 
ton density being suppressed even in the region 
injected with a large current, thereby making it 



possible to shift the Bragg wavelength. Besides, 
because of little increase in the photon density, the 
. oscillation power can be protected against any no- 
ticeable variation even when the oscillation 

5 wavelength is changed. 

The characteristics of the wavelength-tunable 
semiconductor laser device of the structure de- 
scribed above is evaluated as follows. By control- 
ling the current injected into the DBR region 501 

70 and the phase control region 502 while supplying a 
constant current in a range of 100 mA to the optical 
amplification region 503, a continuously wavelength 
tunable width of* 5 nm can be realized with the 
laser power of 10 mW emitted from the edge 520 

T5 of the optical amplification region 503. Even when 
the current injection to the DBR region 501 is 
Increased, there occurs no clamping of the 
wavelength shift due to a self-oscillation of the DBR 
region 501. In the oscillation spectra, there exists 

20 no spectrum originating in the self-oscillation. Only 
the single spectrum formed by the edge 520 of the 
optical amplification region 503 and the DBR region 
501 can be observed. 



Embodiment 2 

As a dominant factor for increasing the oscilla- 
tion threshold, there can be mentioned an increase 

30 In the absorption loss which accompanies the>ln- 
crease in the current injected to the phase control 
region formed of a passive material. The second 
embodiment of the invention is directed to a struc- 
ture of the semiconductor laser in which a material 

35 exhibiting the gain peak at a shorter wavelength^ 
. than the oscillation wavelength is employed for the 
phase control region. Fig. 6 shows a structure of 
the semiconductor laser device according to the 
second embodiment of the invention in a section 

40 taken along the optical axis. The manufacturing 
process of this laser device is substantially same 
as that for the laser according to the first embodi- 
ment described hereinbefore by reference to Rgs. 
5A to 5F except for a difference in that at the step 

45 shown in Rg. 5B. the phase control region located 
intermediately is left in place of the multi-layer 
DBR region stacked first Subsequently, through 
the succeeding steps similar to those in the first 
embodiment, there Is realized the structure shown 

50 in Rg. 6. 

The characteristics of the wavelength-tunable 
semiconductor laser according to the instant em- 
bodiment have been evaluated. By controlling the 
currents injected into the DBR region 501 and the 

55 phase control region 502 while maintaining con- 
stant at 100 mA the injection cunrent to the optical 
amplification region 503, a continuously wavelength 
tunable width of 4.5 nm can be realzied char- 
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acterlstically. The laser power undergoes substan- 
tially no variation and can be maintained around 7 
nnW. This in turn means that the oscillation thresh- 
old scarcely changes. 



Embodiment 3 

Starting from the semiconductor laser structure 
according to the second embodiment it Is taught 
byv the Invention incarnated In the third embodiment 
to provide gain regions in the DBR region and the 
phase control region, respectively, for the purpose 
of suppressing occurrence of the absorption loss 
ascribable to the use of the passive material. Fig. 7 
shows a structure of the wavelength-tunable semi- 
conductor laser according to the third embodiment 
in a section taken along the optical axes. With the 
structure according to the Instant embodiment. It is 
necessary to shift the gain peak wavelength to the 
shorter wavelength side relative to the laser 
wavelength, because there Is no necessity for mak- 
ing up the absorption loss In the passive material, 
as in the case of the first and second embodi- 
ments. It is now assumed that the gain peak 
wavelength of the active layer 526 for the DBR 
region 501 and the phase control region 502 is 
1.47 um in the structure shown In Fig. 7. The 
process for manufacturing the semiconductor laser 
device according to the instant embodiment is sub- 
stantially same as that In the first embodiment 
described hereinbefore by reference to Rgs. 5 A to 
5F except for difference in that at the step for 
forming first and multi-layer film (Rg. 5A), the ac- 
tive layer 519 exhibiting the peak gain wavelength 
Xp of 1.50 ^m is replaced by an InGaAsP-actlve 
layer 525 (Xp = 1.47 urn) and that at the etching 
process shown in Rg. 58, both the DBR region 501 
and the phase control region 502 are covered with 
a photoresist for removing the optical amplification 
region 502 to the top of the guide layer by etching. 
Subsequent process steps are carried out in the 
same manner as in the case of the first embodi- 
ment. 

According to the characteristics of the 
wavelength-tunable semiconductor laser realized in 
the structure described above, there can be re- 
alized a continuous wavelength-tunable width or 
range of 5 nm by controlling the currents injected 
into the DBR region 501 and the phase control 
region 602 while maintaining constant at 100 mA 
the cun-ent injected to the optical amplification re- 
gion. 



Embodiment 4 

The fourth embodiment of the invention is con- 



cerned with a structure of the wavelength-tunable 
semiconductor laser device in which an active layer 
capable of giving birth to a gain of such magnitude 
as to making up the absorption loss occurring upon. 
5 injection of carriers in the passive guide layer is 
joined to the passive guide layer In the DBR region 
or the phase control region in parallel to the direc- 
tion in which the light is guided. Fig. 17A is a 
sectional view showing a basic structure of the 

10 optical waveguide of the semiconductor laser de- 
vice according to the fourth embodiment of the . 
invention, and Rg. 178 is a view for illustrating an 
energy band at th'e time of carrier injection in the 
device according to the Instant embodiment. Dis- 

75 posed as sandwiched between a p-type cladding 
layer 1745 and an n-type cladding layer 1741 are 
guide layers 1742 and 1744 of loyver bandgap 
energy than the cladding layers, wherein an active 
layer 1743 of lowest bandgap energy is disposed 

20 as sandwiched between the guide layers 1742 and 
1744. In this conjunction, it should however be 
noted that the provision of only one guide layer 
may also be sufficient. Basically, the semiconduc- 
tor layer according to the instant embodiment is 

25 similar to a double hetero type semiconductor la- 
ser, A characteristic feature of the semiconductor 
laser according to this embodiment is seen in that 
the thickness of the active layer 1743 is diminished 
while increasing the thickness of the guide layers 

.30 1742 and 1744. In an ordinary semiconductor laser 
having oscillation wavelength of 1.55 um, the active 
layer is imparted with a thickness not smaller than 
0.1 ixm in order to obtain oscillation gain. Con- 
sequently, In the case of the ordinary semiconduc- 

35 tor laser having the thick active layer 1743 as 
mentioned above, the current injected is trans-- 
formed to carrier electrons 1746 and carrier holes 
1747. On the other hand, substantially all of the 
carriers injected remain within the aforementioned 

40 active layer 1743 and scarcely overflow to the 
guide layers 1742 and 1744. The thickness of the 
' active layer which exceeds 1/15 of the wavelength, 
as described above, leads to the laser oscillation. 
Under the circumstance, the thickness of the active 

45 layer is selected smaller than 1/15 of the 
wavelength intended for use. while that of the pas- 
sive guide layer is selected to be larger than 1/15 
of the wavelength. In Rg. 17B, a reference symbol 
Ec represents conduction band edge energy. Ey 

50 represents valence band edge energy. </>v repre- 
• sents hole energy and <t>c represents electron en- 
ergy. Further, hatched areas indicate regions In 
which electrons are present. 

By dimensioning the thickness of the active 

65 layer not greater than 0.07 um (= 1/15 of the 
wavelength for use) with the thickness of the guide 
layer being not smaller than 0.15 um, that portion 
of the waveguide which is occupied by the active 
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layer 1743 is reduced, whereby the gain of the 
waveguide is decreased to an extent effective for 
suppressing the self-oscillation. Further, because of 
thickness of the active layer 1743, the injected 
carriers can overflow to the guide layers 1742 and 
1744. As a result of this, the refractive indexes of 
the guide layers 1742 and 1744 are aforced to 
change, and at the same time the carriers are 
absorbed by the guide layers 1742 and 1744 men- 
tioned above, which in turn is effective for further 
suppressing the self-oscillation. In this way, by 
placing the thin active layer In contact with the 
passive guide layers 1742 and 1744, the self-os- 
cillation can be suppressed with less change of the 
gain for the injection of. carriers. On the other hand, 
the absorption of carriers by the guide layers can 
not lead to the cease of oscillation. Consequently, 
the significant change in the refractive indexes 
brought about by the injection of carriers into the 
active layer 1742 and the guide layers 1742 and 
1744 can be made use of to a possible maximum. 
In this manner, there can be realized a greater 
wavelength tunable width or range without deterio- 
rating the characteristics of the wavelength-tunable 
laser. 

When such a material is employed for the 
active layer which has a shorter gain peak 
wavelength than the oscillation wavelength, the 
gain can be suppressed to 30 cm"'' or less. Thus, 
in this case, the self-oscillation can be suppressed 
while allowing greater refractive index to be ob- 
tained, even when the active layer has a. thickness 
greater than 0.07 ixm inclusive. 

Now, description will be made In detail of the 
semiconductor laser according to the instant em- 
bodiment by referring to Rgs. 9A and 9B, in which 
Rg. 9A shows a vertical sectional view of the same 
taken along the line A-a' in Rg. 9B which shows a 
cross-sectional view. A diffraction grating 912 is 
formed locally on an n-type InP-substrate 906. 
Subsequently, there are formed sequentially an 
InGaAsP-gulde layer 914 exhibiting a bandgap 
wavelength Xp of 1 .3 urn in a thickness of 0^ am, 
an n-type InP-stopping layer 907 in a thickness of 
0.03 urn, an InQaAsP-active layer 913 having Xp of 
1.55 am In a thickness of 0.10 unri, and an InGaAs- 
antimeltback layer 904 having Xp of 1.3 um In a 
thickness of 0.04 um through crystal growth pro- 
cess. Thereafter, the regions 901 and 902 exdu* 
sive of the optical amplification region 903 are 
etched till the stopping layer 907. Then, there are 
formed over the whole surface an InGaAsP-active 
layer 905 having Xp of 1.55 am in a thickness of 
0.05 um, an antimeitback layer 908 in a thickness 
of 0.04 um, a p-type InP-cladding layer 920 in a 
thickness of 2 um, and an InGaAsP-cap layer 918 
having Xp of 1.15 um in a thickness of 0.5 um 
through crystal growth process. Next, mesa rever- 



sal etching is performed to an extent that the active 
layer remain in a width of about 1 um (Ffg. 9B). 
Thereafter, a p-type InP-layer 910, an n-type: InP- 
burying layer 911, p-type electrodes 921, 922 and 
5 923 and an n-type electrode 924 are formed. The 
p-type electrodes are provided separately for the 
• diffraction grating region 901, the phase control 
region 902 and the optical amplification region 903, 
respectively. 

10 With the structure of the semiconductor laser 

described, above, increasing of the current injected 
into the diffraction grating region 901 does not 
result in occurrence of the self-oscillation. The 
characteristic evaluation shows that the gain is not 

15 greater than 30 cm"^ A continuously tunable 
wavelength width of 4 nm can be obtained for the 
oscillation wavelength. 



20 Embodiment 5 

The semiconductor laser according to this em- 
bodiment has a stnjcture differing from that shown 
in Rg. 9 in respect that an InGaAsP-layer (Xp = 
25 1.52 um) having a thickness of 0.06 um Iss em- 
ployed for the active layer of the diffraction grating 
region 901 and the phase control region 902. Ac- 
cording to embodiment, the continuously tunable 
wavelength width is increased to 5 nm. 

30 

Embodiment 8 

. In the structure shown in Rg. 9, the active 
35 layer similar to that described hereinbefore in con- 
junction with the first embodiment is employed- in a 
thickness of 0,06 um with the guide layer being 
formed of an InGaAsP-layer (Xp = 1 .38 u). Accord- 
ing to the sixth embodiment, a continuously tunable 
40 wavelength width of 5 nm can be realized. 



Embodiment 7 

y 

45 A seventh exemplary embodiment of the inven- 

tion will be described by reference to Rg. 10. 
There are formed on a n-type InP-substrate 1006 
through crystal growth process InGaAs-layers 
1004, 1005 and 1007 having Xp of 1.3 um, 1.55 um 

50 and 1.3 um, respectively, and in thicknesses of 
0.10 um, 0.15 um and 0.05 um, respectively. 
Thereafter, the regions 1001 and 1002 are removed 
by etching with optical amplification region 1003 
being left as it is, whereon layers 1008, 1009 and 

55 1010 having Xp of 1.3 um, 1.55 um and 1.3 um are 
grown in thickness of 0.2 um. 0.05 um and 0.1 
um, respectively, through vapor phase growth. 
Subsequently, through the process steps corre- 
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spending to those described hereinbefore in con- 
junction with the fourth embodiment, the semicon- 
ductor laser of a structure shown in Fig. 10B is 
realized. 

With the laser structure according to the instant 
embodiment, not only the continuously tunable 
wavelength width substantially equal to that of the 
first embodiment can be obtained but also a lower 
threshold current (i.e. current injected to the optical 
amplification region) can be achieved. 



Embodiment 8 

A three-eiectrode wavelength-tunable laser 
manufacturing method which differs from that de- 
scribed hereinbefore in conjunction with the first 
embodiment will be described by referring to Rgs. 
19Ato19F. 

At first, there are formed on an n-type InP- 
substrate 1906 inscribed locally with a diffraction 
grating 1912 an n-type InGaAs-guide layer 1913 of 
Xp equal to 1.3 um. an InGaAsP-active layer 1919 
of Xp equal to 1 .53 am and an anti-meltback layer 
1916 of Xp equal to 1.3 um through epitaxial growth 
process (Rg. 19A). While protecting by a photores- 
ist mask 1925 the region where the diffraction 
grating 1912 is provided, the other grown region 
are etched by using a selective liquid etchant con- 
taining H2SO4, H2O2 and H2O (Fig. 19B). 

Next, after having removed the photoresist 
mask 1925, an InGaAsP-layer (1916/1913) of Xp = 
1.3 serving as an anti-meltback layer and a guide 
layer, an InP-stopping layer 1914, an active layer 
1915 of Xp equal to 1.55 um and an anti-meltback 
layer 1916 are formed over the whole surface 
through epitaxial growth. Subsequently, a flat sur- 
face portion of the substrate surface 1906 is pro- 
tected by a photoresist mask 1925', and then the 
anti-meltback layer 1916' and the active layer 1915 
in the other regions are selectively etched by using 
the liquid etchant mentioned above. Further, only 
the InP-stoppIng layer 1914 is selectively etched 
by using a liquid etchant of H2PO*/HCI-series. 

After the photoresist mask 1925' is removed, a 
p-type InP-cladding layer 1917 and a cap layer 
1918 are formed through epitaxial growth (Rg. 
19E). Rnally. Zn is diffused Into electrode junctions 
to thereby form a p-type electrode 1921 in the 
DBR region 1901. a p-type electrode 1922 in the 
phase control region and a p-type electrode 1923 
in the optical amplification region 1903 while an n- 
type electrode 1924 is formed over the rear surface 
of the substrate (Rg. 19). 

According to the manufacturing method de- 
scribed above, no measures are taken for covering 
the region not to be grown in the epitaxial growth 
process. By virtue of this feature, the surface re- 



sulting from the crystal growth becomes smooth 
with an enhanced optical coupling being realized 
among the individual regions. Besides, the manu- 
facturing process can be carried out with improved 
5 accuracy. Thus, a semiconductor laser of a lower 
threshold current than that of the laser according to 
the first embodiment can be manufactured more 
easily. 

When the manufacturing method described 

70 above is adopted, the optical coupling can be re- 
alized more smoothly not only between the two 
different active optical waveguides but also among 
three or more different active waveguides. 

In the semiconductor laser according to the 

75 instant embodiment, there arises a possibility that 
the film thickness of the anti-meltback layer 1916 
of the active DBR-region 1901 may, become exces- 
sively thick, as result of which the light intensity 
distribution can spread in this region. Accordingly, 

20 the structure shown in Rg. 5F is advantageous 
over the instant embodiment in that the enhanced 
inter-region optical coupling is realized to facilitate 
the manufacturing of a low threshold semiconduc- 
tor laser. However, even in the semicondcutor laser 

25 according to the instant embodiment similar ad* 
vantage can be assured by selecting appropriately 
the refractive index of the material for the anti- 
meltback layer 1916. 

30 

Embodiment 9 

The semiconductor laser according to the ninth 
embodiment starts from the structure shown in Fig. 

35 5F and differs from the latter in that the composi- 
tion of the InGaAsP-active layer 515 constituting 
the optical amplification region 503 is so selected 
that the gain peak wavelength emitted thereby Is 
about 1.56 um longer than the oscillation 

40 wavelength of 1.55 um. Due to this structure, the 
detuning effect is obtained to thereby allow the 
spectral line width to be more narrower than that of 
the device according to the first embodiment 

In the case of the first' of eighth embodiments 

45 described above, the gain peak wavelength emitted 
by the material used for the active optical 
waveguide in the DBR region is shorter than the 
oscillation wavelength by 0.02 um. In this conjunc- 
tion, it Is to be mentioned that similar effects can 

50 be achieved so long as such differs in the 
wavelength lies within a range up to 0.06 um. In 
particular, in the range from 0.01 um to 0.06 um. 
there can be attained an advantageous effect that 
the oscillation power is increased owing to the 

55 reflection gain in addition to the effects of the 
broad oscillation wavelength-tunable width and 
scarcely appreciable variation in the laser powder 
regardless of change in the oscillation wavelength. 
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in the foregoing, several examplary embodi- 
ments of the present invention have been de- 
scribed in conjunction with the wavelength-tunable 
distributed Bragg reflection (DBR) -type semicon- 
ductor lasers. It should however be understood that 
the present invention my equally be applied to 
other optical devices such as Mach-Zender inter- 
ferometers, composite cavity type semiconductor 
lasers and the like in which parts are required for 
^ changing the optical path length while maintaining 
constant the gain (loss) in the propagation of light. 



Embodiment 10 

Now. referring to Fig. 11, description will be 
directed to a tenth exemplary embodiment of the 
invention which is applied to a high-speed modulat- 
ing semiconductor laser. An n-type InP-substrate 
106 (having a thickness of 100 um) is formed with 
a diffraction grating 1112 (having a period of 0.24 
ixm) by an interference exposure method, whereon 
there are grown an n-type InGaAsP-optical guide 
layer 1113 (exhibiting a bandgap wavelength Xp = 
1.3 M.m and having a thickness of 0.15 urn), and a 
first undoped InGaAsP-active layer 1104 (having Xp 
equal to 1.56 um and a thickness of 0.15 iim). 
Subsequently, the active layer 1104 is removed for 
an area corresponding to a half of the device by a 
chemical etching, being followed by growing a sec- 
ond undoped InGaAsP-actlve layer 1105 (Xp - 
1.53 urn. a thickness - 0.15 urn) over the area 
where the active layer 1104 has been removed. 
Thereafter, a p-type InP-cladding layer 120 (having 
a thickness of 2 um) and a p-type InGaAsP-cap 
layer 1118 (Xp = 1.15 um, a thickness = 0.5 um) 
are grown. Rnally, Cr-Au electrodes 1108 and 1109 
and an AuGeNi-Au electrode 124 are formed 
through evaporation. In this device, the period of 
the diffraction grating Is so selected that the laser 
oscillation wavelength is 1,55 um which lies inter- 
mediate between the gain peak wavelengths of the 
active layers 1104 and 1105. Thus, difference In 
the differential gain between them can effectively- 
be made use of. 

When the laser output light is modulated by 
applying a pulse signal of 2*4 Gb/s to the electrode 
1108 in the state in which DC currents are applied 
to the electrodes 1108 and 1109, respectively, the 
total spectral width has a spread of 0.1 nm, which 
is apparently decreased to 1/5 of that of the prior 
art modulating laser device. Similarly, when the 
pulse signal Is applied to the electrode 1109 in 
superposition to the DC current, the spectral width 
is decreased to about 1/4 of that of the prior art 
device. 



Embodiment 11 

Another embodiment of the invention Is shown 
in Rg. 12. The instant (eleventh) embodiment dif- 

5 fers from the tenth embodiment shown in Fig. 11 in 
that the second undoped InGaAsP-active layer 
1105 is replaced by an undoped InGaAsP-active 
layer 1205 (Xp = 1.56 um. thickness = 0.06 um) 
and a p-type InGaAsP-optical guide layer 1204 (Xp 

10 =1.3 um, thickness = 0.09 um) grown sequen- 
tially. 

By applying DC currents of substantially same 
magnitude to tha electrodes 1 1 09 and 1108, the 
carrier density is increased because of the thick- 

15 ness of the active layer 1205. resulting in that the 
gain peak wavelength is caused to shift by 1.53 
um in the direction toward the shorter wavelength 
side due to the band filling effect. This embodiment 
is also effective to reduce the wavelength chirping 

20 as in the case of the tenth embodiment. 



Embodiment 12 

25 A further (twelfth) embodiment of the invention 

will be described by reference to Fig. 13. The 
instant embodiment differs from the tenth and the 
eleventh in that a quantum well structure is adopt- 
ed In the active layer. In other words, the active 

30 layer is realized in multiple quantum wells. Refer- 
ring to Fig. 13. there is formed on a right-hand side 
region 1305 a stack of undoped InGaAsP-barrier 
layers (each having a bandgap wavelength of 1.35 
um and a thickness = 10 nm) and undoped 

35 InGaAs-well layers (each having a bandgap 
wavelength of 1.85 um and a thickness ^ 6 nm) 
stacked alternately in ten cycles (pairs). On the 
other hand, there is formed on the left-hand side 
region 1305 a stack of undoped InGaAsP-barrier 

40 layers (each having a bandgap wavelength of 1.3 
um and a thickness = 10 nm) and undoped 
InGaAs-well layers (each having a bandgap 
wavelength of 1.65 um and a thickness of 6 nm) 
stacked alternately in ten cycles. 

45 The gain peak wavelength of the region 1305 is 

1.56 um. while that of the region 1305' is 1.53 um. 
Thus, the wavelength chirping can be reduced as 
In the case of the other embodiments. 

50 

Embodiment 13 

Still another embodiment of the invention is 
shown In Figs. 14A and 14B. Referring to the 
55 figures, grown sequentially on an n-type InP-sub- 
strate 1406 having diffraction grating formed there- 
on are an n-type InGaAsP-optical guide layer 1413 
(having Xp of 1.3 um and a thickness of 0.15 um), 
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a multiple quantum well active layer 1405 and a p- 
type InP-cladding layer 1420 (of 2 um In thickness) 
and a p-type InGaAsP-cap layer 1418 (having Xp of 
1.15 um and a thickness of 0.5 am), whereon a Cr- 
Au electrode 1408 and an AuGeNi-Au electrode 
1424 are formed through evaporation. The active 
layer 1405 is implemented in a stacked structure in 
which an InGaAsP-barrier layer 1405b (having Xp of 
1.3 um and a thickness of 5 nm). an undoped 
InGaAs-well layer 1405a (of 6 nm in thickness) and 
*an undoped InGaAs-well layer 1405c (of 7 nm in 
thickness ) are stacked in such a manner as shown 
in Rg. 14B. 

The gain peak wavelength of the well layer 
1405a is 1.54 um because of thinness thereof, 
white that of the welt layer 1405c is 1.5 um. 
wherein the oscillation wavelength of the diffraction 
grating 1412 is 1.55 um. Thus, the wavelength 
chirping can be reduced as in the case of the other 
embodiments. 

The foregoing description has been made on 
the assumption that materials of InQaAsP-series 
are used. However, it goes without saying that the 
use of other materials such as of InQaAIAs-series, 
GaAIAs-series and the like can assure similar ad- 
vantageous action and effects. 

Although the invention has been described with 
reference to the semiconductor laser devices 
shown in the drawing, it is to be appreciated that 
^the invention are applicable to other optical de- 
vices. Including interferometers, resonators, and the 
like. 

The invention has been described with refer- 
ence to the preferred embodiments. Obviously, 
modifications and alternations will occur to those of 
ordinary skill in the art upon reading and under- 
standing the present specification. It is intended 
that the invention be construed as Including all 
such alterations and modifications in so far as they 
come within the scope of the appended claims or 
the equivalent thereof. 



Claims 

1 . A semiconductor laser device, comprising: 
a plurality of semiconductor regions (101. 102, 103; 
501, 502. 503: 901. 902. 903; 1001. 1002. 1003; 
1901. 1902. 1903) having active layers (141. 105) 
optically coupled to one another and susceptible to 
undergo changes in gain upon Injection of carriers; 
said plurality of semiconductor regions including an 
amplification region (103; 503; 903; 1003; 1903) 
having an optical amplification active layer (105; 
515; 913; 1005; 1915) for emitting light in response 
to the injection of the carriers, and a DBR regions 
(101; 501; 901; 1901) having a gain active layer 
(141; 382; 443; 519; 905; 1009; 1743; 1919) for 



guiding the light emitted by said optical amplifica- 
tion active layer and a distributed feedback (112; 
512; 912; 1112; 1412; 1912) structure for feeding 
back the light being guided; 

5 means (121. 122. 123. 124; 521. 522. 523. 524; 
921. 922. 923, 924; 1108. 1109; 1408; 1424; 1921. 
1922, 1923. 1924) for injecting the carriers into said 
plurality of semiconductor regions; and 
a resonator structure for amplifying the light of a 

70 specific wavelength of those emitted by said op- 
tical arnplification active region by selective feed- 
back through said feedback structure; 
wherein differential gain coefficient to the injected 
carrier density of said gain active layer Is made 

75 different from the differential gain coefficient to the 
injected carrier density in said optical amplification 
active layer. 

2. A semiconductor laser device according to 
claim 1, wherein a semiconductor material con- 

20 stituting said optical amplification layer (105; 515; 
913; 1005; 1915) is different from a semiconductor 
material constituting said gain active layer (141; 
382; 443; 519; 905; 1009; 1743; 1919), 

3. A semiconductor laser device according to 
25 claim 1 . wherein said plurality of active layers have 

a quantum well structure (1305; 1305'; 1405). 

4. A semiconductor laser device according to 
claim 1, wherein the differential gain coefficient of 
said gain active layer is smaller than that of said 

30 optical amplification active layer. 

5. A semiconductor laser device according to 
claim 1 further comprising a phase control region 
(102; 502; 902; 1002; 1902) including an optical 
waveguide layer (181; 342; 1916; 1913) for light 

35 propagation formed of an active semiconductor 
material. 

6. A semiconductor laser device according to 
claim 5, wherein said phase control region includes 
an electrode (122; 522; 922; 1922) for changing an 

40 optical path length of said resonator. 

7. A semiconductor laser device according to 
claim 5. wherein said optical amplification active 
layer and said gain active layer are optically coup- 
led directly or indirectly through said phase control 

45 region (102; 502; 902; 1002; 1902). 

8. A semiconductor laser device according to 
claim 1 further comprising a phase control region 
Including an optical waveguide layer (181; 342; 
1916; 1913) for light propagation formed of a pas- 

50 sive semiconductor material. 

9. A semiconductor laser device according to 
claim 7, wherein said optical waveguide layer is 
formed of an active semiconductor material 

1 0. A semiconductor laser device according to 
56 claim 1 , wherein said DBR region includes an elec- 
trode (121; 521; 921; 1109; 1921) for changing the 
refractive index of said distributed feedback struc- 
ture. 
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1 1. A semiconductor laser device, comprising: 
a plurality of active layers (141; 105; 1104; 1105; 
1205; 1305; 1305 ) exhibiting different gain peak 
wavelengths, and a resonator structure for am- 
plifying and oscillating light having a specific 
wavelength differing from said gain peak 
wavelengths by selectively feeding back the light of 
said specific wavelength. 

12. A semiconductor laser device according to 
claim 11, wherein said resonator structure includes 
a distributed feedback structure (112; 1412) for 
feeding back the light traveling within said resona- 
tor. 

13. A semiconductor laser device according to 
claim 11, wherein said resonator structure feeds 
back the light having as said specific wavelength a 
wavelength lying intermediate between said dif- 
ferent peak wavelengths. 

14. A semiconductor laser device according to 
claim 11. including means for injecting carriers in 
said plurality of the active layers. 

15. A semiconductor laser device according to 
claim 14. wherein said plurality of the active layers 
exhibit differential gain coefficient to the change of 
density of injected carriers. 

16. A semiconductor laser device, comprising: 
a plurality of semiconductor regions including a 
plurality of active layers coupled optically and hav- 
ing gains susceptible to change upon injection of 
carriers; 

means for injecting the carriers into said plurality of 
the active regions; and 

a resonator structure for amplifying and oscillating 
light of a specific wavelength differing from said 
giain peak wavelengths by selectively feeding back 
the light of said specific wavelength; 
wherein said plurality of the active layers com- 
pensate mutually for variations in the refractive 
Index induced by variations in the carrier density. 

17. A semiconductor laser device according to 
claim 16, wherein sard plurality of the active layers 
exhibit different gain peak wavelengths. 

M8. A semiconductor laser device according to 
c\a\ti\ 17, wherein said resonator structure amplifies 
through selective feedback the light having a 
wavelength differing from said plurality of the gain 
peak wavelengths as the light of said specific 
wavelength. ^ . 

19. A semiconductor laser device according to 
claim 17, wherein said resonator structure feeds 
back selectively the light having as. said specific 
wavelength a wavelength lying intermediate be- 
tween said different peak wavelengths. 

20. A semiconductor laser device according to 
claim 17. wherein said resonator structure feeds 
back the light having as said specific wavelength a 
wavelength other than those lying intermediate be- 
tween said different peak wavelengths. 



21. A semiconductor laser device, comprising: 
a plurality of active regions; 

means for injecting the carriers into said active 
regions; and 

5 a diffraction grating for feeding back light having a 
specific wavelength of those emitted fronri said 
active regions; 

wherein said diffraction grating Is disposed in the 
vicinity of at least one of said plural active reglonSi 
70 and wherein said plural regions inclusive of said 
one region differ from one another in respect to 
change in the gain brought about by the injection 
of carriers. 

22. A semiconductor laser device, comprising: 
75 a plurality of active regions; 

means for injecting the carriers into said active 
regions; and 

a diffraction grating (112; 1412) for feeding back 
light having a specific wavelength of those emitted 

20 from said active regions; 

wherein said diffraction grating Is disposed in the 
vicinity of at least one of said plural active regions, 
and wherein said plural regions inclusive of said 
one region differ from one another in respect to 

25 change in the refractive index brought about by the 
injection of carriers. 

23. A semiconductor laser device, comprising: 
a plurality of active regions; 

means for injecting the carriers into said active 
30 regions; and 

a diffraction grating for feeding back light having a 
specific wavelength of those emitted from said 
active regions; 

vyherein said .diffraction grating is disposed in the 
35 vicinity of at least one of said plural active regions; 
and 

wherein said plural active layers are made different 
from one another in respect to magnitude of 
change in the gain for an amount of carriers in- 
40 jected to thereby suppress self-oscillation only in a 
specific one of said plural active layers. 

24. A semiconductor laser device, comprising: 
' a plurality of active layers; 

means for injecting the carriers into said plural 
45 active layers; and 

a diffraction grating provided locally for oscillating 
light of a specific wavelength of those emitted by 
said active layers; 

vyherein at least one of said plural active layers is 
50 disposed in the vicinity of said diffraction grating, 
whereby said plural active layers are rendered to 
differ from one another in respect to magnitude of 
change in the refractive index for an amount of 
carriers injected. 
55 . 25. A semiconductor laser device, comprising: 
a plurality of active layers; 

means for injecting the carriers into said plural 
active layers; and 
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a diffraction grating provided locally for oscillating 
light of a specific wavelength of those emitted by 
said active layers; 

wherein the gain peak wavelength of the first active 
layer disposed in the vicinity of said grating and 
that of at least one of the second one or more 
active layers are shorter than the oscillation 
wavelength. 

26. A semiconductor laser device, comprising: 
a plurality of active layers; 

means for Injecting the carriers into said plural 
active layers; and 

a diffraction grating provided locally for oscillating 
light of a specific wavelength of those emitted by 
said active layers; 

wherein change of refractive index/change in gain 
brought about by carrier injection in the first active 
layer disposed in the vicinity of said diffract! ve 
Index and/or in at least one of the second one or 
more active layers are greater than those in the 
other one(s) of said second active layers. 

27. A semiconductor laser device, comprising: 
a plurality of active layers; 

means for injecting the carriers into said plural 
active layers; and 

a diffraction grating provided locally for oscillating 
light of a specific wavelength of those emitted by 
said active layers; 

wherein in the first active layer disposed in the 
vicinity of said diffractive grating and in the second 
one or more other active layer, either one or both 
of said first active layer and said second active 
layer are formed in a multi-layer stoicture. and 
wherein at least one of the active layers has a 
quantum well layer whose thickness is smaller than 
that of said second active layer. 

28. A semiconductor laser device according to 
claim 23, wherein said means for injecting the 
carriers are so provided as to be capable of inject- 
ing the carriers into said plurality of the active 
layers independent of one another. 

29. A semiconductor laser device according to 
claim 23, including an optical waveguide for opti- 
cally coupling said plurality of the active regions to 
one another. 

30. A semiconductor laser device according to 
claim 23, wherein said active layer provided in the 
vicinity of said diffraction grating is disposed in 
parallel with said grating, and wherein oscillation 
wavelength is changed by changing an amount of 
carriers injected into said active layer provided in 
the vicinity of said grating. 

31. A semiconductor laser device, comprising: 
a plurality of active layers; 

means for injecting carriers into said plural active 
layers; and 

a diffraction grating provided locally on a region 
through which light travels for oscillating light of a 



specific wavelength of those emitted by said active 
layers; 

wherein variations in refractive index brought about 
by variations in the amount of injected carriers in 
5 said plurality of the active regions are mutually 
compensated for. 

32. A semiconductor laser device, comprising: 
a plurality of active layers; 

means for injecting carriers into said plural active 
10 layers; and 

a diffraction grating provided on an optical axis 
along which light travels for oscillating light of a 
specific wavelength of those emitted by said active 
layers; 

IS wherein changes in gain brought about by injection 
of carriers in said plurality of the active regions are 
different from one to another active regions. 

33. A semiconductor laser device, comprising: 
. a plurality of active layers; 

20 means for injecting carriers into said plural active 
layers; and 

a diffraction grating provided on an optical axis 
along which light travels for oscillating light of a 
specific wavelength of those emitted by said active 
25 layers; 

wherein said plurality of the active regions are 
mutually different in respect to gain peak 
wavelength. 

34. A semiconductor laser device according to 
30 claim 33, wherein said diffraction grating has a 

period set such that oscillation takes place at a 
wavelength intermediate between the different gain 
peak wavelengths of said plural active layers. 

35. A semiconductor laser device according -to 
35 claim 31. wherein said plurality of the active layers 

are disposed In cascade in the direction in which 
light travels. 

36. A semiconductor laser device according to 
claim 31 . wherein said plurality of the active layers 

40 are disposed in parallel to the direction in which 
light travels. 

37. A semiconductor laser device according to 
claim 31 , wherein said plurality of the active layers 
have respective semiconductor crystal composi- 

46 tions differing from one another. 

38. A semiconductor laser device according to 
claim 31, wherein at least one of said plural active 
layers has a. quantum well. 

39. A semiconductor laser device according to 
50 claim 31 , wherein said plurality of the active layers 

have quantum wells of different thicknesses. 

40. A semiconductor laser device according to 
claim 31. including electrodes for injecting the car- 
riers into said plurality of the active layers indepen- 

56 dent of one another. 

41 . A semiconductor laser device, comprising: 
a DBR region formed with a diffraction grating and 
including an active optical waveguide; and 
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a flat optical amplification region including an active 
opticai waveguide; 

wherein a material exhibiting the gain peak 
wavelength shorter than laser oscillation 
wavelength is employed for the active optical s 
waveguide in said DBR region. 

42. A semiconductor laser device according to 
claim 41, wherein the gain peal< wavelength of the 
active optical waveguide material constituting said 
opticai amplification region is longer than the os- w 
cillation wavelength. 

43. A semiconductor laser device according to 
claim 41, wherein the optical waveguide of said 
phase control region is formed of a same material 
used for forming the active optical waveguide of 7S 
said DBR region. 

* 44. A .semiconductor laser device having a 
structure in which a plurality of active waveguides 
exhibiting different gain peak wavelengths are opti- 
cally coupled through the medium of a same pas- 20 
sive guide layer. 

45. A semiconductor laser device according to 
claim 41 , wherein the material used for forming the 
active optical waveguide of said DBR region exhib- 
its a gain peak wavelength by 0.06 um at the most. 25 

46. A semiconductor laser device according to 
claim 41, wherein the material used for forming the 
active optical waveguide of said DBR region exhib- 
its a gain peak wavelength by 0.02 y.m to 0.05 um. 

47. A semiconductor laser device, wherein the 30 
optical path length of light traveling through a pas- 
sive semiconductor optical waveguide is changed 

by changing refractive index of said optical 
waveguide by injecting carriers thereto, and 
wherein an optical active layer is disposed in said 35 
optical waveguide in parallel witi^ the direction in 
which light travels through said optical waveguide 
to thereby reduce absorption loss produced In said 
optical waveguide by the injection of the carriers. 

48. A semiconductor laser device according to 40 
claim 47. wherein gain of said optical waveguide is 

30 cm"^ 

49. A semiconductor laser device according to 
claim 47, wherein the layer thickness of the active 
material exhibiting maximum gain at the 45 
wavelength of light guided through said optical 
waveguide is not greater than 1/15 of the 
wavelength for use, and- wherein the thickness of 

the passive guide layer giving rise to absorption 
loss is not smaller than 1/15 of the wavelength for so 
use.. 

50. A semiconductor laser device according to 
claim 47, wherein the wavelength at which said 
optical active layer exhibits a maximum gain is 
shorter than that of light guided. 55 
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@ A wavelength-tunable semiconductor laser de- 
vice presenting a large wavelength-tunable range or 
a very-high-speed modulating semiconductor laser 
device having a distributed feedback structure in- 
cluding a diffraction grating (112) as in the case of a 
DBR laser or a DFB^ laser incorporates therein a 
plurality of active layers (141, 105) differing from one 
another in constituent elements or composition ratio 
or tliickness for reducing spectral line widths, while 
improving single-mode spectral oscillation character- 
istics. 
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